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ABSTRACT 
 
YONTÉ BURNAM 
An Evaluation of Pregnancy-associated Morbidity among Georgia’s USDA 
Designated Food Deserts, 2009-2010 
(Under the direction of Dr. Lisa Casanova, Faculty Member) 
 
Objective: To assess the affect of pregnant women residing in a USDA designated 
food desert on the development of pregnancy-associated morbidities 
 
Results: Living in a USDA food desert is not significantly associated with the 
development of pregnancy-associated morbidity  [OR=0.973; CI: 0.835-1.134; p-
value=0.728]. Backward stepwise regression showed all proposed potential 
confounders were significantly associated with the development of pregnancy-
associated morbidity. These potential confounders include maternal age, regular 
exercise routine or previous diagnosis of diabetes or hypertension (p-values < 
0.02).  
 
Conclusion: Residing in a USDA designated food desert is not associated with the 
development of pregnancy-related morbidity. This analysis suggests other 
sociodemographic risk factors, such as maternal age or exercise routine, as 
indicators of morbidity rather than food accessibility. 
 
INDEX WORDS: Pregnancy associated morbidity, pregnancy complications, 
maternal health, women’s health, food availability, food access, food environment  
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Chapter I - Introduction 
 
Whether food is made available to an individual plays a key role in the 
development of healthy eating habits and ultimately health outcomes. Poor nutrition has 
been linked to the development of poor health outcomes. The consumption of healthy 
food items becomes especially important before and during the early months of 
pregnancy (Comstock S, 2012). Research in the fields of nutrition and health has 
established that consuming vegetables and fruits daily has a protective effect against the 
development of many chronic illnesses (Beaulac J, 2009; Shaw, 2006). The development 
of chronic diseases such as diabetes, cardiovascular disease, or hypertension during 
pregnancy can lead to various complications during pregnancy. These complications can 
cause long-term health effects for both the mother and child (Huda S, 2010; Jensen D, 
2005; Kuklina E, 2009; Kuklina & Callaghan, 2011). 
In recent decades the prevalence of obesity among American women has steadily 
risen (Huda S, 2010). As of 2008, the World Health Organization estimates there are 300 
million obese women worldwide (WHO, 2013). According to the National Heart Lung, 
and Blood Institute, individuals with a body mass index (BMI) greater than 30 kg/m2 are 
obese (Chu S, 2008). It is estimated that approximately 30% of all women of 
reproductive age in the United States are obese. Obese individuals are at a greater risk of 
developing comorbidities (Morland K, 2006). Huda and colleagues attribute the growing 
number of obese Americans to significant changes in the dietary content of Americans 
that began in the early 1980s. Huda et al. also cites the rising rates in obesity and 
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prevalence of adverse maternal and perinatal outcomes as sources of an increased burden 
on the U.S. healthcare system and, consequently, economic costs (Huda S, 2010). 
Morland and colleagues cite that the United States spend an estimated $110 billion on 
treatment for obesity or complications of obesity (Morland K, 2006). 
Food deserts are defined as geographical areas where there exists poor access to 
healthy and affordable foods. The United States Department of Agriculture (USDA) 
defines a food desert as an area where 33% or more of residents live more than one mile 
from the nearest supermarket in an urban area or more than ten miles from the nearest 
supermarket in a rural area. A supermarket is defined as any food store with at least 50 
employees (USDA, 2012). As of 2010, the USDA estimated a total number of 29.7 
million people living in the United States were living in a food desert (Ploeg M, 2012). In 
previous literature, researchers have classified food deserts using various methods. These 
methods include analyzing average distances between residences and supermarkets, 
density of food markets by population, food availability or quality, and pricing of food 
items (Beaulac J, 2009). Although some researchers do not accept the idea that 
availability of food varies by geographic region, there is evidence to support the existence 
of food deserts in the United States (Beaulac J, 2009; Eckert, 2011). 
The purpose of this study is to analyze the potential association between living in 
a food desert and developing a severe adverse pregnancy outcome such as gestational 
hypertension, gestational diabetes, or experiencing labor pre-term from 2009-2010 in 
Georgia women.  
 
	  	   11	  
 
Chapter II - Review of the Literature 
 
Food Availability, diet and health outcomes 
 
Many factors, including environmental, social, and economic factors, interact to 
affect one’s lifestyle and risks for developing certain health outcomes (Morland K, 2006; 
Powell L, 2007). The availability, or lack thereof, of healthy and affordable food choices 
plays a major role in the health of an individual (Beaulac J, 2009; Eckert, 2011; Morland 
K, 2006; Ploeg M, 2012; Powell L, 2007; Shaw, 2006). Recent studies on nutrition and 
health have begun to focus on food deserts and how the spatial location of food stores in 
relation to populations can affect the health of individuals residing in that community 
(Horowitz C, 2004; Morland K, 2006; Powell L, 2007). Supermarkets are known to offer 
a wider range of healthier food choices compared to smaller non-chain food stores or 
convenience stores (Horowitz C, 2004). Larger food stores are more likely to keep food 
items in stock. Individuals who live in proximity to larger food stores are more likely to 
consume more fruits and vegetables, have more healthful eating habits, and less likely to 
be obese (Morland K, 2006). 
The lack of healthy diet choices has been proposed as a contributor to the varying 
burden from health disparities that exists between communities. Studies show 
accessibility of healthy affordable foods varies greatly between populations in the United 
States and the socioeconomic status of the majority of the community within an area is a 
reliable predictor of levels of food access (Beaulac J, 2009; Powell L, 2007). According 
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to Powell et al. (2006), low-income urban communities have fewer large food stores 
compared to middle-income urban areas. Rural areas have a smaller number of large 
supermarkets compared to urban areas. Large disparities in food availability exist in 
African-American communities when compared to their white counterparts (Eckert, 
2011; Powell L, 2007). This association exists even when controlling for differences in 
income, race, and urban/rural classifications (Powell L, 2007). These findings provide 
evidence for the theory that low socioeconomic status serves as a risk factor for low food 
accessibility. 
Although evidence exist to support the effects of food availability on health, a 
growing number of neighborhoods in the United States have experienced an increase in 
the number of fast-food establishments and a decrease in the number of retail stores 
offering fresh fruits and vegetables in that same area. Morland et al. (2006) proposes this 
as a major contributor to individuals’ eating habits. It has been established that 
convenience greatly affects a person’s food choices. Individuals living in areas with a 
high number of convenience stores and fast food restaurants will most likely use these 
food stores instead of travelling further distances in order to shop at a larger supermarket 
which may offer a wider range of healthier food options (Morland K, 2006). These 
communities often consist of a high number of low-income families and a high minority 
population, especially African-Americans (Eckert, 2011).  
Maternal morbidity 
Maternal morbidity encompasses any condition, either physical or psychological, 
which when aggravated by pregnancy, results in negative outcomes to a woman’s health 
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(Callaghan W, 2008). Although maternal death is rare in the United States, Callaghan and 
others concluded from data encompassing the years 1991-2003 that 5 out of every 1000 
pregnancies suffered a severe complication during a delivery hospitalization (Callaghan 
W, 2008). In the United States, a large proportion of this pregnancy-associated morbidity 
is due to the development of chronic diseases before and during pregnancy.  
In 2010, chronic diabetes occurred at a rate of 7.0 per 1,000 live births while 
gestational diabetes occurred at a rate of 44.2 per l,000 live births. Pregnancy-related 
hypertension occurred in 43.4 per 1,000 live births ("Maternal Morbidity and Mortality," 
2012). Although the overall rate of pregnancy-associated non-delivery hospitalizations 
has declined in recent years, large disparities in hospitalization rates due to maternal 
morbidities have been observed between individuals based on age, race, and payment 
source (Bennett T, 1998). For example, African-American women are 1.5 times more 
likely than their White counterparts to be hospitalized during pregnancy. Self paying 
women are two times more likely to be hospitalized than women with private insurance 
and younger women are also at a higher risk for antenatal complications than older 
women (Bacak S, 2005; Bennett T, 1998). 
Obesity and maternal complications 
Obesity during pregnancy has been associated with severe maternal morbidity and 
greater than half of all women who died as a result of complications during pregnancy 
were overweight or obese (Huda S, 2010). There is growing evidence that maternal 
obesity is linked to an increased risk of obesity and diabetes in the offspring. Obese 
women are also at a greater risk of having a pregnancy that results in miscarriage or fetal 
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malformation (Simmons, 2011). Some researchers theorize environmental factors play a 
key role in the development of life-long eating habits. Some of these factors include 
access to fresh produce, the increasing number and availability of fast-food restaurants 
(Eckert, 2011; Morland K, 2006).  
Women who do not consume healthy foods on a daily basis are more likely to be 
overweight or obese. In comparison with women of normal body mass index (BMI < 
24.99 kg/m2), obese women are more likely to develop serious medical complications 
(Dennedy, 2010). Obesity has been shown to positively correlate with many long-term 
complications in both the mother and child, including the development of Type 2 
diabetes, high blood pressure, and birth defects (Huda S, 2010). Chu et al. resulted that 
higher BMI was associated with higher risk for cesarean section, as well as, diabetes 
mellitus, gestational diabetes, and hypertensive disorders (Chu S, 2008). Obesity has also 
been associated with pregnancies resulting in longer hospital stays. 
Maternal weight gain often confounds the relationship between obesity and the 
development of pregnancy related complications (Simmons, 2011). Weight gain during 
pregnancy is natural and healthy; however weight gain of more than 4-5 kg of fat is 
considered excessive (Huda S, 2010). A 2005 study of 481 obese Danish women found 
that women who gained 10-14.9 kg during their pregnancies had a 3.6 fold increase in 
risk for the development of hypertension and a 2.8 fold increase in the risk of preterm 
labor as compared to women who gained less than 5.0 kg during pregnancy. The risk for 
both hypertension and preterm labor increased with increasing gestational weight gain 
(Jensen D, 2005).  
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Huda and colleagues suggest obese women gain weight differently than lean 
women during pregnancy. Lean women tend to gain weight in the trunk and thighs while 
obese women tend to gain weight in more central regions of the body. These central 
regions are comprised of mostly subcutaneous saturated fat stores (Huda S, 2010). 
Ethnicity has been shown to play a key role in the deposition of fat stores in the body and 
the ratio of fat to lean muscle can vary with race. Insulin resistance, a risk factor for the 
development of gestational diabetes, is associated with weight gain in the trunk 
(Simmons, 2011).  
Hypertension and maternal complications 
 Hypertensive disorders during pregnancy are ranked among the top causes of 
maternal associated morbidities in the U.S. (Visser V, 2013). Approximately 5-10% of all 
pregnancies are complicated by these disorders (Kuklina E, 2009). Preexisting 
hypertension, gestational hypertension, and preeclampsia are hypertensive disorders that 
commonly affect pregnancy outcomes. They could also lead to the development of many 
severe maternal complications (Kuklina E, 2009). Gestational hypertension is defined as 
having a diastolic blood pressure of 95 mmHg or above. Preeclampsia is defined as 
having a diastolic blood pressure of 90 mmHg or above along with proteinuria. 
Proteinuria is the presence of more than 300 mg of protein in the urine (Visser V, 2013). 
According to Kuklina and others (2010), from the year 1998 to 2006 the rate of 
hypertensive disorders per 1,000 delivery hospitalizations increased from 67.2 to 83.4. 
The highest increase observed was among those hospitalizations with patients suffering 
from chronic hypertension (Kuklina E, 2009).  
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Women whom suffer from pregnancy-related hypertensive disorders are at a 
greater risk of developing cardiovascular disease later in life. Visser et al. (2013) showed 
that women with hypertensive disorders during pregnancy were also at higher risk of 
developing chronic hypertension than women who did not suffer from gestational 
hypertension (Visser V, 2013). 
Gestational diabetes mellitus and maternal complications 
Gestational diabetes mellitus (GDM) is characterized by glucose intolerance and 
is first diagnosed between weeks 24 and 28 of a woman’s pregnancy. It is estimated that 
GDM occurs in 7% of all pregnancies in the United States (Dennedy, 2010). GDM is 
diagnosed in women with fasting plasma glucose levels of ≥ 92 mg/dL or < 126 mg/dL. 
GDM has been associated with a higher risk for pregnancy outcomes such as preterm 
deliveries, still births, and clinical neonatal hypoglycemia. Women diagnosed with GDM 
are also more likely to develop hypertensive disorders and require cesarean sections upon 
delivery (Deveer R, 2013)According to Dennedy and colleagues, the prevalence of GDM 
would decrease by at least 50% in the absence of obesity (Dennedy, 2010). 
Deveer and colleagues (2013) performed a prospective randomized control trial to 
assess the effects of diet on various pregnancy outcomes among women diagnosed with 
GDM. A treatment group was given professional nutritional advice on managing their 
dieting during the course of their pregnancies while the control group was left to 
determine the best diet choices without the intervention. Researchers observed marked 
differences in the pregnancy outcomes between the two groups of women. The 
intervention group presented significantly different outcomes than the control group 
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including, on average, a lower infant birth weight and lower total maternal weight gain 
(Deveer R, 2013). According to a study conducted by the National Institutes of Health, 
obese women are at a greater risk of having babies with congenital heart defects (NIH 
2010). Deveer et al. concluded a timely diagnosis and management of GDM is essential 
in order to improve health outcomes among pregnant women. It is especially critical for 
women with GDM to partake in nutritional therapy during pregnancy to ensure positive 
health outcomes (Deveer R, 2013). This may be particularly difficult if these women 
reside in a food desert.  
This paper will specifically focus on pregnancy-associated morbidities that 
develop as a direct result of the diet of the pregnant woman. The aim of this analysis is to 
identify trends relating to various pregnancy-related complications among Georgia’s 
communities, which lack an adequate access to quality produce.  
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Chapter III - Methods and Procedures 
 
Data Source 	  
 The Pregnancy Risk Assessment Monitoring System (PRAMS) is a nation-wide 
surveillance program funded by the Centers for Disease Control and Prevention. The 
PRAMS questionnaire was developed to analyze trends of maternal behaviors during and 
after pregnancies resulting in live births in the United States. This population based 
stratified sample consist of data on approximately 1,300 – 3,400 deliveries from each 
participating state annually. Individual state health departments are responsible for 
collecting data from its residents who participate in the survey. Women are initially 
contacted via a mailed questionnaire. If a response is not received within a designated 
timeframe, subjects are contacted via phone by the local health department ("PRAMS 
Questionnaires," 2012). Responses completed by new mothers can be used to describe 
various behaviors, attitudes, and experiences occurring during pregnancy. Details of the 
study design and methodology are available through the CDC’s website ("Pregnancy 
Risk Assessment Monitoring System-Reproductive Health," 2012).   
Study Sample 	  
 All live births in which a birth certificate was issued were included in the study 
population of the Pregnancy Risk Assessment System ("Pregnancy Risk Assessment 
Monitoring System-Reproductive Health," 2012). A total of 5,469 live births were 
included in the study population used in this analysis. Each birth occurred in the state of 
Georgia from 2009-2010. Of the total study population, 34% of women contacted did not 
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to participate. Women who did not participate in the PRAMS survey either refused to 
participate (5.0%) or did not respond (29.1%). All women who completed the PRAMS 
questionnaire were included in this study. A total of 3,584 pregnancies were included in 
this analysis.  
Measurement of Georgia’s Food Deserts 	  
This analysis used data collected from the USDA’s Food Environment Atlas 
dataset. The independent variable, living in a food desert, was dichotomized and analyzed 
based on those individuals having low access to a supermarket. In an urban area, an 
individual residing more than one mile away from the nearest supermarket was classified 
as having low accessibility. In a more rural area, an individual living more than 20 miles 
from the nearest supermarket was classified as having low accessibility. A supermarket 
was defined as any food store with greater than 50 employees. 
In this analysis, counties were used as a proxy for neighborhoods. The food desert 
variable was constructed by calculating the percentage of residents per county living in 
an area with low access to affordable and fresh produce. As defined by the USDA, an 
area is classified as a food desert if more than 33% of residents are considered as having 
low accessibility to fresh and affordable foods. This variable was calculated for each of 
Georgia’s 159 counties (USDA, 2012). 
Definitions of Outcomes 	  
 A dichotomous variable was created for pregnancy-associated morbidity. 
Pregnancy associated morbidity was defined as any pregnancy in which the woman 
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experienced gestational hypertension, preeclampsia, gestational diabetes, or preterm labor 
as an outcome. Of the pregnancies included in this analysis, 3,544 could be classified 
based on pregnancy-associated morbidities. Approximately 1.5% of women were missing 
outcome data.  
Statistical Methods 	  
 Bivariate analyses were performed to analyze the relationships of various 
sociodemographic factors and pregnancy-associated morbidity. Those associations found 
to be significant at a 5% significance level were treated as potential confounders of the 
relationship between food access and pregnancy-associated morbidity. A multivariate 
logistic regression was used to assess the main association between food deserts and 
morbidity while adjusting for potential confounding variables. All analyses were 
conducted using SAS 9.3 or ArcMap 10.1 (ESRI, 2011; Little R, 2011).  
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Chapter IV – Results 
 
Descriptive Summary Statistics 
 
 Of the 3,589 study participants who reported county of residence, 58.29% lived in 
a food desert as defined by this analysis. Figure 1 visually displays the spatial locations of 
food deserts in Georgia. The majority of food deserts were found to be located in rural 
counties of Georgia.  
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Figure 1. Spatial Distributions of USDA food deserts in Georgia 
 
Note: USDA food deserts are defined as areas of low food access or areas where greater 
than 33% of residents had low accessibility to a supermarket (USDA, 2012). 
Table 1 shows the distribution of demographic variables in the 3,584 pregnancies 
included in the analysis. The average age was 26 years old. By ethnicity, each county was 
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made up, on average, of 46.91% Whites and 41.73% Black/African-American. In regards 
to education level, 22.15% of the study population did not have a high school degree, 
while 25.47% of respondents reported completing a college degree program or higher. 
However, the majority (29.73%) of participants report having earned less than $10,000 in 
the year preceding their pregnancies. 
Table 1. Description of study participants (n=3,584) 
Characteristic n % 
Maternal Age (years) 	   	  
Less than 19 438 12.22 
20-24 1024 28.57 
25-29 882 24.61 
30-34 730 20.37 
35-39 394 10.99 
40-44 105 2.93 
45+ 11 0.31 
Maternal Race 	   	  
White 1660 46.76 
Black/African-American 1482 41.75 
Other 408 11.49 
Maternal Education 	   	  
Less than high school 769 22.23 
High school graduate 1141 32.98 
Some college 672 19.42 
College degree or more 878 25.38 
Maternal Annual Income 	   	  
<$10,000 900 29.89 
$10,000-$14,999 381 12.85 
$15,000-$19,999 270 8.97 
$20,000-$24-999 222 7.37 
$25,000-$34,999 272 9.03 
$35,000-$49,999 273 9.07 
≥$50,000 693 23.02 
Insurance Type 	   	  
Private 1293 36.86 
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Public 759 21.64 
Military 150 4.28 
Self Pay 85 2.42 
No Insurance 1221 34.81 
Pregnancy-Associated 
Disease 
	   	  
       Risk Factors 	   	  
Pre-pregnancy exercise  1169 32.75 
       3+ days per week 	   	  
Diabetes  415 11.63 
Hypertension 482 13.51 
Residence Status 	   	  
Urban 2328 64.96 
Rural 1256 35.04 
   
 
 Of those reporting insurance type, 36.77% report having private insurance while 
similarly 34.86% report having no insurance. Approximately one-third of all women in 
the study population reported exercising 3 or more days per week before their 
pregnancies. On average, 11.62% of women reported a diabetes diagnosis before 
pregnancy while 13.46% reported a diagnosis of high blood pressure. At the time of 
analysis, 64.96% of the study population classified themselves as living in an urban area 
while the remaining 35.04% lived in rural areas.  
Table 2. Multivariate logistic regression of the association of pregnancy-associated  
morbidity and various risk factors       
Risk Factor n Adjusted OR (95% CI) P-value 
Maternal Age (years) 
    *Less than 19 431 1.00 
  20-24 1013 1.32 (1.035-1.678) 0.024 
25-29 874 1.63 (1.279-2.090) < 0.001 
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30-34 722 1.60 (1.242-2.062) <0.001 
35-39 389 1.91 (1.436-2.546) <0.001 
40-44 104 1.68 (1.082-2.607) 0.020 
45+ 11 1.91 (0.572-6.364) ns 
Maternal Race 
    *White 1647 1.00 
  Black/African-American 1465 0.99 (0.854-1.139) ns 
Other 399 0.91 (0.724-1.137) ns 
Maternal Education 
    Less than high school 758 0.86 (0.701-1.046) ns 
High school graduate 1127 0.91 (0.760-1.091) ns 
Some college 665 1.04 (0.850-1.281) ns 
*College degree or more 872 1.00 
  Maternal Annual Income 
    *< $10,000 885 1.00 
  $10,000-$14,999 379 0.96 (0.752-1.223) ns 
$15,000-$19,999 268 0.79 (0.593-1.040) ns 
$20,000-$24-999 222 1.25  (0.933-1.682) ns 
$25,000-$34,999 268 0.95 (0.718-1.248) ns 
$35,000-$49,999 269 0.82 (0.619-1.082) ns 
≥ $50,000 686 0.80 (0.651-0.978) 0.03 
Insurance Type 
    *Private 1280 1.00 
  Public 752 1.01 (0.842-1.216) ns 
Military 148 1.17 (0.833-1.656) ns 
Self Pay 84 1.07 (0.685-1.677) ns 
No Insurance 1206 0.90 (0.768-1.061) ns 
Marital Status  
   *Not Married 1609 1.00 
  Married 1933 0.91 (0.794-1.041) ns 
Exercise 
    *No 2376 1.00 
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Yes 1154 0.73 (0.629-0.838) < 0.001 
Pre-pregnancy Diabetes 
    *No 3119 1.00 
  Yes 410 1.26 (1.021-1.547) 0.031 
Pre-pregnancy Hypertension 
   *No  3055 1.00 
  Yes  475 1.81 (1.488-2.195) < 0.001 
 
Note: *Denotes reference categories; Adjusted odds ratios are presented with 95% 
confidence intervals and p-values to display statistical significance; 675 observations 
were not included in this analysis because of missing responses to these descriptive 
variables; ns denotes non-significant results at 95% confidence levels; Significant results 
are highlighted. 
A bivariate analysis was performed to identify potential confounders of the 
association between living in a USDA food desert and developing pregnancy-associated 
morbidities. Those variables found to be significant were included in the final analysis as 
potential confounders of the relationship between food accessibility and pregnancy-
associated morbidities. These were the age of the mother (P<0.03), diabetes before 
pregnancy (P=0.031), and high blood pressure before pregnancy (P<0.001). These factors 
were all positively associated with experiencing pregnancy-associated morbidities. On 
the contrary, maternal annual total income above $50,000 (P=0.03) and exercising at least 
three times a week prior to becoming pregnant (P=0.031) had protective effects against 
developing complications during pregnancy.    
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Multivariate regression analyses were then performed to assess the relationship 
between the dichotomous variable, living in a food desert, and the development of a 
pregnancy-associated morbidity. The variables previously identified as potential 
confounders of this relationship were re-evaluated independently using a stepwise 
backward elimination procedure. Those variables that change the main association by 
more than 10%, when dropped, were deemed significant to the relationship between food 
availability and the development of pregnancy-associated morbidities.  
Living in a food desert was not associated with the development of pregnancy-
associated morbidities (P=0.728). Table 3 presents the corresponding odds ratios and 
confidence intervals for the remaining elements which all proved significant for the 
development of pregnancy-associated morbidities. 
Table	  3.	  Stepwise	  backwards	  elimination	  of	  the	  association	  of	  pregnancy-­‐associated	  	  
morbidity	  and	  living	  in	  a	  food	  desert	   	  	   	  	  
Risk	  Factor	   Odds	  Ratio	   95%	  CI	   P-­‐value	   Percent	  Change	  
Food	  Desert	   0.973	   (0.835-­‐1.134)	   0.728	   	  	  
Maternal	  Age	   0.968	   (0.831-­‐1.127)	   0.673	   -­‐0.51	  
Maternal	  Annual	  Income	   0.958	   (0.822-­‐1.115)	   0.577	   -­‐1.54	  
Diabetes	   0.975	   (0.838-­‐1.134)	   0.743	   0.21	  
High	  Blood	  Pressure	   0.971	   (0.834-­‐1.131)	   0.710	   -­‐0.21	  
Exercise	   0.981	   (0.842-­‐1.143)	   0.810	   0.82	  
 
Note: The main association is highlighted; Unadjusted odds ratios are presented with 
95% confidence intervals and p-values to display statistical significance of the 
association once the corresponding variable is eliminated. 
Based on the results of the stepwise elimination, no one confounder proved 
independently significant to the main association between food accessibility and 
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pregnancy-associated morbidities. The corresponding percent change in the odds ratio 
once each variable was eliminated is evidence to this fact. The results of this stepwise 
backwards elimination procedure provide support that all of the confounders listed in 
Table 3 may interact in order to effect the main association.  
ArcGIS was used to assess the clustering of pregnancy-associated morbidity in 
Georgia using local Moran’s I. To further assess the spatial locations of hot spots of 
pregnancy-associated morbidity events in Georgia, Anselin’s local indicators of spatial 
autocorrelation (LISA) statistic was performed. The LISA statistic measures the 
similarity of the counts of pregnancy-associated morbidity between adjacent areas. A 
clustering is a region with many areas with uncommonly high or low values. Figure 2 
displays the spatial locations of hot spots of pregnancy-associated morbidity among 
USDA designated food deserts in Georgia in 2010.  
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Figure 2. Spatial Locations of Hot Spots of Pregnancy-Associated Morbidity in Georgia, 
2009-2010 
 
 
Note: LH indicates areas with a lower number of residents experiencing a pregnancy-
associated morbidity as compared to neighboring counties. LL indicates neighboring 
areas which both exhibit a low number of residents experiencing a pregnancy-associated 
morbidity as compared to other counties. Those counties labeled as not significant have 
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no difference in the number of pregnancy-associated morbidity events as neighboring 
counties.   
 Figure 2 presents evidence of the non-significant differences in pregnancy-
associated morbidity events in Georgia. Most counties do not have significant differences 
in the number of morbidity events as compared to their neighboring counties. Counties 
shown in pink are those that have a significantly lower number of residents suffering 
from pregnancy-associated morbidities as compared to neighboring counties. These 
counties were also designated as areas of high access to fresh and affordable foods 
(Figure 1). Counties shown in blue are areas with a significantly lower numbers of 
residents suffering from pregnancy-associated morbidities. These counties were all 
designated as food deserts in this analysis (Figure 1). These observations, if seen 
statewide, would have served as evidence of the relationship between food availability 
and the development of adverse pregnancy outcomes. 
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Chapter V - Discussion and Conclusion 
Discussion 	  
A number of previous studies have established a clear association between poor 
nutrition and the development of poor health outcomes, including food accessibility in 
relation to chronic diseases such as diabetes, cardiovascular disease, and hypertension 
(Eckert, 2011; Morland K, 2006; Ploeg M, 2012; Powell L, 2007; Shaw, 2006). The lack 
of fresh produce in a community of people can lead to adverse health outcomes that may 
be identified in clusters of individuals residing in that community. However, not many 
studies have been performed to determine the effects of food availability on pregnancy 
outcomes.   
This study used a representative sample of women who gave birth in the state of 
Georgia from 2009-2010 to determine if specific adverse pregnancy outcomes were 
associated with living in a food desert from 2009-2010 as defined by the United States 
Department of Agriculture. These pregnancy-associated morbidities include 
preeclampsia, gestational hypertension, preterm labor, and gestational diabetes. This 
analysis presents findings from the PRAMS database, a statewide cross sectional study.  
 The incidence of pregnancy-associated morbidity among the Georgia women 
giving birth from 2009-2010 was 39.16% in this analysis. This value is consistent with 
previous literature. Studies indicate approximately 25% of pregnant women received 
primary diagnoses for preterm labor, nausea, vomiting, genitourinary complications, 
hypertensive disorders, or hemorrhage. Diagnosis for preterm labor accounts for 30% of 
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those diagnoses alone (Bacak S, 2005). Another study found 18% of deliveries associated 
with pregnancy-associated discharge codes (Bennett T, 1998). 
 This study determined there is no association with living in a food desert and 
developing adverse pregnancy outcomes [OR=0.973; CI: 0.835-1.134; p-value=0.728]. 
This study found a significant association between a mother experiencing gestational 
diabetes or gestational hypertension while living in a food desert [OR: 1.26; 95% CI: 
(1.021-1.547); p-value = 0.031] and [OR: 1.81; 95% CI: (1.488-2.195); p-value <0.001], 
respectively. This is consistent with previous literature. Ahern et al. (2011) concluded 
there was a clear association between food availability and health outcomes. They 
specified food access as a key determinant of the development of adverse health 
outcomes, especially in metropolitan areas (Ahern M, 2011). As further support of the 
findings of this analysis, Nash et al. (2013) concluded food access and availability does 
not influence the diet quality of a woman during pregnancy (Nash D, 2013).  Our study 
provides further evidence for Nash et al.’s conclusions. 
 The results of the Anselin’s local indicators of spatial autocorrelation (LISA) 
statistic served as evidence of the random distribution of pregnancy-associated 
morbidities among Georgia’s counties. The spatial analysis performed in this study yields 
evidence that food deserts and pregnancy-associated morbidity may be a random 
phenomenon and not associated with certain factors of the communities in which they are 
located. This conclusion is based on the theory that neighboring or adjacent features are 
more related to on another than those that are located further apart. If Georgia’s counties, 
which neighbor each other, have similar risk factors, which promote morbidities relating 
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to pregnancy, then events of pregnancies with adverse outcomes would be spatially 
clustered. Since the spatial analysis of these events yielded they were randomly 
dispersed, it has been concluded that the geographic location of pregnancy-associated 
morbidities is random and may not be associated with the spatial locations of food deserts 
or any other risk factors. 
Limitations of the Study 
  
Several limitations of this analysis must be considered when attempting to 
interpret the results. First, this analysis was based on the responses received from a cross-
sectional study. The analysis of cross-sectional studies hinders the inference of causality 
from any associations made. Information on both the dependent and independent 
variables was collected at the same time through a single questionnaire. This makes it 
impossible to determine the temporal relationship between the two variables. 	  
 The results of this analysis depend heavily on the validity of the derived 
constructs. The method used to define the food availability construct may hinder the 
analysis of the association as well as the interpretation of results. The food availability 
data obtained from the USDA was based on the residents’ access to food within a specific 
census tract. In order to compare rates of pregnancy-associated morbidity among areas 
with low food access, aggregation of census tracts to county level data was necessary. 
This may have reduced the accuracy of the estimated strengths of the associations 
assessed during this analysis.  
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 Finally, in a number of Georgia’s counties, there were fewer than 10 observations 
from 2009-2010. In order to increase the total number of observations per county more 
data from previous years of the PRAMS survey must be analyzed. The low numbers of 
mothers from each county negatively influenced the statistical power of the analysis.  
Conclusion 	  
This study concludes there is no association between living in a food desert and 
the development of pregnancy-associated morbidity. On the contrary, other 
sociodemographic factors may play a key role in the development of adverse pregnancy 
outcomes among mothers living in Georgia. This analysis provides evidence for the 
existence of food deserts in Georgia and should serve as a basis for implementing 
programs aimed at increasing the availability of fresh and affordable foods to the 
Georgia’s residents whom reside in them.  
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